The root of Polygonum multiflorum Thunb. (Heshouwu in Chinese) is one of the most popular herbs used in traditional Chinese medicine (TCM). However, after steam processing (Zhi-heshouwu in Chinese), the root is known to have different properties and medicinal values compared with Heshouwu. Eleven volatile Maillard reaction products were identified in the extract of Zhi-heshouwu, but not in that of Heshouwu. The new products were four furanones, two furans, two nitrogen compounds, one pyran, one alcohol and one sulfur compound. The antioxidant activities were compared between the extracts from Zhi-heshouwu and Heshouwu. The results showed that the extract from Zhi-heshouwu presented a higher 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity than the extract from Heshouwu, with IC 50 values of 0.43 mg/mL and 2.9 mg/mL, respectively (p<0.05). The hydroxyl radical scavenging activities of the two were similar (IC 50 0.98 mg/mL and 1.45 mg/mL, respectively; p > 0.05). 5-Hydroxymethyl-furfural, a main compound in the extract of Zhi-heshouwu, showed IC 50 values for scavenging DPPH radicals and hydroxyl radicals of 1.6 mg/mL and 0.24 mg/mL, respectively. The antioxidant activities of the extract from Zhi-heshouwu could partly explain the different therapeutic effects of Heshouwu and Zhi-heshouwu in TCM.
The root of Polygonum multiflorum Thunb. (Polygonaceae) (Heshouwu in Chinese) is an important herbs used for detoxication and purgation for the treatment of sores, swellings and scrofula [1a] . However, the processed root of P. multiflorum (Zhi-heshouwu in Chinese) has different clinical applications, and it is used as a tonic and for nutrition in the treatment of hyperlipidemia and coronary heart disease [1b] . It is known that the different activities of the two preparations of the root of P. multiflorum must result from their different chemical components [2a,2b] . HPLC-UV analyses showed that the Maillard reaction involved in the steaming process of the roots contributed partly to the changes of chemical substances [3] . Maillard reactions result from an interaction between carbohydrates and amino compounds, such as amino acids or proteins [4] . These reactions are complicated and lead to the formation of many kinds of substance, such as pyrazines, propanones, furans, pyrroles [5] , alcohols, furans, aldehydes, ketones, pyridines, acids, pyrans and sulfur compounds [6] . Many of these have received attention as biologically active constituents for their antioxidant properties [4,7a] . It has been known that free radicals are related to the aging process [7b], and Zhi-heshouwu is commonly used for anti-aging [8a] . Thus, the antioxidant effects might be partly responsible for the pharmacological activities of Zhi-heshouwu. To further elucidate the differences between Heshouwu and Zhiheshouwu, we have studied the antioxidant activities of the Maillard reaction products formed in the steaming process of Heshouwu.
Eleven Maillard reaction products were identified in Zhi-heshouwu, but not in Heshouwu. These compounds could be classified into three principal groups. Group 1 included dihydro-2(3H)-furanone, 2(5H)-furanone, 4-hydroxydihydro-2(3H)-furanone, 5-(hydroxymethyl)dihydro-2(3H)-furanone, and 2,3-dihydro-3,5-dihydroxy-6-methyl-4(H)-pyran-4-one. These compounds reached their maximum GC peak areas after steaming for 24-32 hours, after which their peak areas decreased. This behavior is related to the disappearance of aminocontaining compounds [6] and their structure transformation [8b]. For example, 2,3-dihydro-3,5dihydroxy-6-methyl-4(H)-pyran-4-one could be formed by the interaction between either glucose or fructose with NPC Natural Product Communications 2011 Vol. 6 No. 1 55 -58 amino acids such as alanine and phenylalanine [5] . However, 2,3-dihydro-3,5-dihydroxy-6-methyl-4(H)pyran-4-one was not the end product of the Maillard reaction, and at a certain temperature and pH, it continued to decompose into more than 50 chemical components [9] .
Compounds in group 2 included furfural and 5hydroxymethyl-furfural. Their GC peak areas increased gradually throughout the whole steaming process, which was consistent with reported results [3] . In addition, 5hydroxymethyl-furfural was the most abundant compound among all the confirmed Maillard products. However, 5hydroxymethyl-furfural can be formed from dehydration and degradation of carbohydrates as well as from the Maillard reaction [10] .
Compounds in group 3 included acetone alcohol, 2,3dihydro-thiophene, 2-acetylpyrrole, and 4,8-diacetyl-4H,8H-di[1,2,5] oxadiazolo[3,4-b:3,4-E]-pyrazine). Their GC peak areas showed irregular changes through the whole steaming process. 2,3-Dihydro-thiophene could be produced through Maillard reactions [11] . 4,8-diacetyl-4H,8H-di[1,2,5]-oxadiazolo [3,4-b:3,4-E] pyrazine could be produced from β-hydroxy-α-amino acids when heating [12] , but could also be generated by Maillard reactions [13] . Thus, the production procedure of this pyrazine is uncertain.
It has been reported that some Maillard reaction products have antioxidant properties [4,7a] , and free radicals are related to the aging process [7b]. Since Zhi-heshouwu is commonly used for anti-aging [8a] , we compared the free radical scavenging ability of the extracts of Heshouwu and Zhi-heshouwu, and also determined the possible contribution of 5-hydroxymethyl-furfural, a major product of Zhi-heshouwu. The DPPH test has been widely used to determine the free radical scavenging ability of natural compounds [14a,14b] . Table 1 shows the free radical scavenging activities of different amounts of the samples on DPPH radicals by spectrophotometry. It was found that the activities of all samples were concentration dependent. The extract from Zhi-heshowu had higher scavenging activities than that from Heshouwu, with IC 50 values of 0.43 mg/mL and 2.9 mg/mL, respectively, which were less than the value for the positive control, reduced glutathione. 5-Hydroxymethyl-furfural has antioxidant activity [15] ; its IC 50 value for DPPH radical scavenging was 1.6 mg/mL.
Extracts of Heshouwu and Zhi-heshouwu exhibited dose dependent hydroxyl radical scavenging activities within the applied concentrations ( Table 2 ). The activities of the two extracts were similar with IC 50 values of 0.98 mg/mL and 1.4 mg/mL, respectively. 5-Hydroxymethyl-furfural presented the strongest hydroxyl radical scavenging activity with an IC 50 value of 0.24 mg/mL. 5-Hydroxymethyl-furfural has also been isolated from the steamed root of Rehmannia glutinosa Libosch. (Shoudihuang), but not from the unprocessed material (Dihung). This compound is considered to substantiate the traditional medicinal use of Shou-dihuang in patients with dizziness, tinnitus, and palpitations [16] . Maillard reactions have been investigated extensively in foods [17] . As most herbs contain amino acids and carbohydrates, these reactions may also be frequently involved in the processing of other Chinese herbs when steaming and boiling methods are used. However, only one Maillard compound, arginyl fructosyl glucose, was isolated from the steamed root of Panax ginseng C. A. Mey. (Renshen), but not from the unsteamed material [18] . 5-Hydroxymethyl-furfural has been identified in the fried root of Cibotium barometz Antioxidant activity of Polygonum multiflorum Natural Product Communications Vol. 6 (1) 2011 57 (Gouji) [19a] and the steamed fruit of Ligustrum lucidum (Nuzhenzi) [19b] , but its origin needs to be determined.
In conclusion, the extract from Zhi-heshouwu presented higher DPPH radical scavenging activities than that from Heshouwu, and the antioxidant activities could partly explain the different clinical uses of the root of Polygonum multiflorum and its processed one used in TCM. 
Experimental

Chemicals and reagents:
Reduced glutathione and DPPH were purchased from Sigma Chemical Co. (St. Louis, MO, USA). 2-Deoxy-ribose, EDTA, FeCl 3, ascorbic acid, hydrogen peroxide, thiobarbituric acid, trichloroacetic acid and other chemicals and reagents were purchased from Beijing Chemical, Inc., China. 5-Hydroxymethyl-furfural was isolated from Zhi-heshouwu and its purity was 92% by HPLC detection [3] .
Preparation of herbal extracts:
A Maillard reaction product-enriched extract of Zhi-heshouwu was prepared as follows: granulated Zhi-heshouwu (50 g) was extracted 3 times with 250 mL dichloromethane at room temperature with a supersonic wave for 40 min each time. The mixed extracts were evaporated to dryness and the residues were dissolved in 10 mL water. The aqueous solution was applied to a polyamide column (90∼120 mesh, Taizhou Biochemistry Plant; 1.5 ×20 cm) and eluted with 10% ethanol to collect the fractions. All the fractions containing 2,3-dihydro-3,5-dihydroxy-6-methyl-4(H)-pyran-4-one and 5-hydroxymethyl-furfural were collected according to TLC analysis (silica gel 60 F 254 plates) [3] and merged, and then evaporated to dryness to obtain the residues in a yield of 0.23% (w/w). The contents of 2,3-dihydro-3,5-dihydroxy-6-methyl-4(H)pyran-4-one and 5-hydroxymethyl-furfural in the extract of Zhi-heshouwu were 8.2% and 23.1%, respectively. The extract of Heshouwu was prepared following the same procedures, with a yield of 0.14% (w/w).
Gas chromatography-mass spectrometry:
Gas chromatography-mass spectrometry (GC-MS) was performed on a Shimadzu GC-MS QP2010 plus with a Restek Rxi-5ms column (30 m × 0.25 mm i.d. × 0.25 μm film). Helium was used as carrier gas at a speed of 2 mL per min. The starting temperature was 30°C, followed by a temperature program of 3°C/min to 140°C and maintained at this temperature for 3 min, followed by a second rate of 5°C/min to a temperature of 180°C and maintained at this temperature for 1 min, and then at a rate of 20°C/min to a final temperature of 300°C. Injector and detector temperatures were 220°C and 250°C, respectively. The MS instrument was operated with electron ionization at 70 eV. Peaks were identified by comparison with the MS library and the commercial standards available. Sample preparation was as following: 1.0 g powder of each sample was extracted with 25 mL dichloromethane for 40 min with a supersonic wave. The supernatant was passed through an anhydrous Na 2 SO 4 column and completely evaporated. The residues were dissolved in 2 mL dichloromethane. Peaks were identified by comparison with the MS library and with standards, when possible.
DPPH radical scavenging activity:
The test method was adopted from a previous study [19a] , with minor modification. Every 2 mL sample solution in ethanol was mixed with 2 mL of 1×10 -4 M DPPH in ethanol. After thorough mixing, the solution was kept for 30 min in the dark. Thereafter, the absorbency was measured using a spectrophotometer (Shimadzu 2100) at 517 nm. Ethanol and reduced glutathione were used as blank sample and positive control, respectively. The scavenging activity of DPPH radicals (%) was calculated from the equation: (A517 blank -A517 sample ) ÷ A517 blank × 100%. Each sample was duplicated and the value was averaged. The IC 50 stands for the concentration of half-inhibition.
Scavenging activity against metal ion-dependent hydroxyl radicals:
The hydroxyl radical was determined by the deoxyribose method [19b]. Every 0.5 mL sample was added to 1.0 mL solution of 20 mM potassium phosphate buffer (pH 7.4), 2.8 mM 2-deoxy-ribose, 104 M EDTA, 100 FeCl 3 , 100 ascorbate acid and 1 mM hydrogen peroxide. The mixtures were incubated for 1 h at 37°C. After incubation, an equal volume of 0.5% thiobarbituric acid in 10% trichloroacetic acid was added and the mixture was boiled at 100°C for 15 min. Deionized water was used as a blank control, and reduced glutathione as a positive control. The absorbance at 532 nm was measured using a spectrophotometer (Shimadzu 2100). The scavenging activity of hydroxyl radicals (%) was calculated from the equation: (A532 blank -A532 sample ) ÷ A532 blank × 100%. Each sample was duplicated and the values were averaged. The IC 50 stands for the concentration of half-inhibition.
Statistical analysis:
Based on the algorithms established by Bliss, the PROB IT program of SAS was used to process the raw data and to generate the IC 50 value and 95% FL. Results are expressed as the mean ± SD.
